2-(Boc-amino)ethyl
3,5-diacetamide-2,4,6-triiodobenzoate (2). Diatrizoic acid 1 (1.00 g, 1.59 mmol) was added to a suspension of K2CO3 (270 mg, 1.93 mmol) in dry DMF (20 mL). 2-(Boc-amino)ethyl bromide (556 mg, 2.39 mmol) was subsequently added and the reaction mixture was stirred for 30 min at 20 ⁰C and then heated at 50 ⁰C overnight. The reaction was monitored by LC-MS analysis. The reaction was quenched by cooling the reaction mixture to ambient temperature and pouring the reaction mixture into H2O (50 mL) leading to precipitation. The suspension was extracted using EtOAc (3x50 mL). Upon extraction, the alkylated product 2 occasionally precipitated which in this case was collected by filtration. In case no precipitate was observed, the EtOAc-phases were combined, dried (Na2SO4) and purified by dry column vacuum chromatography using a 0.5% (vol%) CH3OH/CH2Cl2 increment until elution of 2. The alkylated product 2 was upon concentration in vacuo afforded as a white solid. Yield: 0.578 g (48% 2-aminoethyl 3,5-diacetamide-2,4,6-triiodobenozoate trifluoroacetic acid (3). The boc-protected amine 2 (553 mg, 0.72 mmol) was dissolved in CH2Cl2 and the mixture was cooled to 0 ⁰C in an icewater bath. Trifluoroacetic acid (0.95 mL, 12.3 mmol) was added and the reaction was left in the ice bath overnight, allowing to reach 20 ⁰C. The deprotection was monitored by LC-MS analysis. Upon full deprotection, the reaction mixture was concentrated in vacuo. In order to remove any excess of trifluoroacetic acid, the residue was azeotropically concentrated in vacuo with toluene to afford the amine 3 as the trifluoroacetate salt. Yield: 0.546 g (98% 
S2 -Estimation of the LogP and LogD value of ADA
The partition coefficient (LogP and LogD) values are the physicochemical parameters that describe the lipophilicity of ADA by its distribution between two immiscible phases. These parameters are used to estimate the partitioning of ADA into the liposomal membrane, and the solubility in the aqueous core upon protonation of the ADA compound. The partition coefficients were calculated using ChemAxon software. The calculation method defined by ChemAxon is based on the modified algorithm described by Viswanadhan et al. [3, 4] . Figure S1 . Estimates of LogP and LogD for ADA were obtained by the ChemAxon software (www.chemicalize.org). LogP and logD were used to predict the ability of ADA to load into liposomes by a pH gradient method.
S3-Determination of the pKa value of ADA by acid-base titration
The pKa of ADA was determined by acid-base titration. Briefly, ADA (2.4 mg) was dissolved in 150 mM NaCl (10.00 mL) and titrated with aq. NaOH (10.0 mM) using an automated burette (Metrohm 888). For validation of the result, ADA in basic solution was also titrated with acid. In this titration, ADA (2.7 mg) was dissolved in 150 mM NaCl (10.00 mL) and the pH was adjusted to 10-11 using aq. NaOH (100 mM). The ADA solution was subsequently titrated with aq. HCl (10.0 mM) using an automated burette. The pKa of ADA was found to be 8.56 ± 0.04 (HP2). The pH of ADA in NaCl solution versus the volume of added NaOH or HCl are shown in Fig. S2 . The autotitration was performed by the halfway-point titration mode (HP), and equivalence points (EP) values were calculated based on the first derivative of the titration curve. HP, the halfway-point value, is equal to the pKa of the analyte. Figure S2 . pH-titration curves of ADA. (A) ADA dissolved in NaCl (pH=4.2) was titrated with 10 mM NaOH. (B) ADA dissolved in NaCl (starting pH > 10.0) was titrated with 10 mM HCl. On the titration curves, EP1 and EP2 denote the first and second equivalence point of the titration, respectively, whereas V1 and V2 are the volume of added NaOH or HCl (10 mM) to complete the titration. HP2 denotes the halfway-point between EP1 and EP2.
S4 -Quantification of the ADA loading efficiency by UV-VIS Spectroscopy
Briefly, liposome samples collected before and after spin column separation were diluted in absolute ethanol with 0.6 v/v% TFA prior to UV-VIS measurement as described in the manuscript. Proper levels of dilution were chosen to keep the absorption above 0.25 and below 1.5. Some samples were measured at two different levels of dilution to determine both the ADA and lipid absorbance concentration accurately. The concentration of ADA was determined via the absorbance at 243 nm and the lipid concentration via absorption of Rho-DPPE at 560 nm. In the UV-VIS spectra, the full and dotted lines show the spectrum of ADA loaded liposomes before and after removal of non-loaded ADA via spin column separation respectively (Fig. S3) . Changes in lipid concentration upon spin column separation were corrected for, by either normalizing the absorbance of Rho-DPPE at 560 nm to unity (Fig. S3) or by multiplication of the Rho-DPPE absorption ratio (before and after spin column separation) as described by Eq. 1 in the manuscript. The UV-VIS spectra of ADA loaded ammonium sulfate or citrate gradient liposomes are shown in Fig. S3 and S4 respectively. Figure S3 . Normalized UV-VIS spectra of ADA loaded ammonium sulfate gradient liposomes. The spectra are shown before and after spin column separation. The normalization of the UV-VIS spectra was achieved by setting the absorbance of the lipid rhodamine dye to unity, i.e. each spectrum was divided by the absorbance of Rho-DPPE at 560 nm. Ammonium sulfate gradients were established at different external pH values and loading efficiencies were determined as a function of incubation time and external pH. The ADA-to-lipid ratio was 0.1 and the samples were diluted 150-fold. External pH values were pH 6.0 (A), pH 7.0 (B), pH 8.0 (C), and pH 9.0 (D). Figure S4 . UV-VIS spectra of 3 citrate gradient loaded liposomes. The spectra are shown before and after spin column separation. Loading of citrate gradient liposomes with 3 were performed at varying 3-to-lipid ratio and incubation time. The normalized UV-VIS spectrum was obtained as described above for the loading of ammonium sulfate gradient liposomes (Fig. S3) . The absorbance of 3 and liposomes were determined from separate UV-VIS spectra of 3 and liposomes for the higher ratio of ADA to lipid, e.g., 0.25, 0.5 and 1.0. The UV-VIS spectra of the 50-fold diluted liposomes samples were used to determine the absorbance peak of Rho-DPPE at 560 nm, whereas the absorption of ADA at 243 nm was determined at higher dilution level. The ADA-to-lipid ratio is 0.1 (A-B), 0.25 (C-D), 0.5 (E-F), and 1.0 (G-H).
S5 -Quantification of the ADA loading efficiency by ICP-MS
Iodine and phosphor-lipid concentrations of liposomes were in addition quantified by ICP-MS (Thermo Scientific, iCAP Q), which confirms the UV-VIS spectroscopy based loading efficiencies presented in the manuscript. The loading efficiencies were quantified by determining the concentration ratio of iodine to phosphor (I/P) before and after removal of the non-loaded ADA by spin column separation. The liposome samples were diluted with either 0.5% tetramethylammonium hydroxide (prepared from 25% TMAH in H2O, TraceSelect ® ) (50 ppb Te as internal standard) or with 2% nitric acid (100 ppb Ga as internal standard) for iodine or phosphor quantification respectively. 
S7-Stability of [
125 I]ADA in serum, liver homogenate and PBS by radio-TLC Liver homogenate was prepared by homogenization of three livers freshly dissected from 12 week old female Balb/C mice (about 2 g in total) in PBS (20 mL). The resulting homogenate was used without further modification. Mouse serum was prepared from freshly drawn mouse blood that was allowed to stand at room temperature for about 10 minutes, then centrifuged. Liver homogenate, serum or PBS were then added in aliquots of 100 µL to solutions of [ 
